[1] Simulations of atmospheric general circulation models' (AGCMs') continental latent heat flux (LH) depend on the land-surface schemes (LSSs), the atmospheric forcing and feedbacks between these. This paper introduces a novel method for evaluating the dependence of 19 Atmospheric Model Intercomparison Project AGCMs' LH on the LSS by excluding the impact of forcing from, and feedback to, the atmosphere. Pseudo LSSs (PLSSs) for LH in the form of multi-variable linear models expressing mean monthly LH as a function of atmospheric forcing are developed. Analysis over three large and climatically diverse river basins shows estimates of mean annual LH from the PLSSs agreeing well with the AGCMs' simulations. Root mean square errors range from 0.4 to 2.2 Wm À2 depending on the region and the AGCM. When the PLSSs are driven by single realisations of atmospheric forcing, different LSSs interact differently with the atmosphere, exhibiting a range of climate sensitivities, and the variability of mean annual LH among AGCMs increases. We conclude that LSSs are important to AGCM predictions and new, or changed, land-surface components will increase diversity among climate simulations.
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AMIP II Land-Surface Schemes
[2] Since the mid 1990s, the Project for Intercomparison of Land-surface Parameterisation Schemes (PILPS) has led the analysis of land-surface schemes (LSSs) in the Atmospheric Model Intercomparison Project (AMIP) through Diagnostic Subproject 12 (DSP12). In the first phase of AMIP (Phase I), DSP12 analysed the AMIP simulations derived from the AMIP I models Love et al., 1995; Qu and Henderson-Sellers, 1998 ] that employed LSSs participating in the PILPS off-line experiments [e.g., Shao and Henderson-Sellers, 1996; Pitman et al., 1999] . In the current AMIP (Phase II) the experimental design remains fundamentally the same as in AMIP I, but the simulation period has been extended by 7 years (from 1979 -1988 to 1979 -1995) [HendersonSellers et al., 2003] .
[3] To date, 20 organisations have had their AGCMs' simulations released under the protocol of AMIP II. These AGCMs incorporate LSSs of varied complexity ranging from simple ''buckets'' to detailed soil-vegetation-atmosphere transfer schemes . Here we examine how land-surface predictions ( particularly latent and sensible heat fluxes) depend on the LSS employed in a coupled rather than the off-line mode used by e.g. Chen et al. [1997] .
Pseudo Land-Surface Schemes (PLSSs)
[4] To evaluate the relative importance of the land-surface code, we constructed pseudo LSSs (PLSSs). These take the form of multi-variable linear equations relating each AMIP II AGCM's monthly mean regional LH to its corresponding atmospheric forcing variables (v i ), so that
Here a o,j is the intercept and a i,j are the coefficients of the equation for AGCM j. The atmospheric forcing set includes: precipitation (kg m À2 s À1 ), near surface (2 m) air temperature (K), near surface (2 m) specific humidity (kg kg ) and shortwave (W m À2 ) radiation. Depending on the soil moisture memory of the LSS [Koster and Suarez, 2001] , simulated monthly LH may be affected by precipitation in previous months. However, we deliberately exclude soil moisture from equation (1) because (i) soil moisture itself is a characteristic of the LSS (as is LH) and (ii) we intend to use the variables that are typically required to run LSSs offline [e.g., Chen et al., 1997] .
[5] We test our method by determining PLSSs for three selected Global Energy and Water Cycle Experiment (GEWEX) Continental-Scale Experiment (CSE) regions. These are: Large-Scale Biosphere Atmosphere Experiment in Amazonia (LBA, 6.2 Â 10 6 km 2 ), GEWEX Continentalscale International Project (GCIP, 3.1 Â 10 6 km 2 ) over the Mississippi basin, and the Mackenzie GEWEX study (MAGS, 1.5 Â 10 6 km 2 ). We analyse 19 of the 20 available AGCMs (letters A -T), because one AGCM (R) has not reported the required atmospheric forcing variables.
[6] PLSSs are determined for each month using the mean monthly data. This gives 12 equations for each PLSS in each region for each AGCM. Backward regression analysis is used and the forcing variables whose contributions to the equation are not significant at the 90% confidence level are excluded for the corresponding AGCM and month. The equations generally predict a high proportion of the variance in the mean monthly LH. The coefficients of non-determination GEOPHYSICAL RESEARCH LETTERS, VOL. 30, NO. 17, 1904 , doi:10.1029 /2003GL018044, 2003 Copyright 2003 (ratio of the residual to total variance) are generally small, being less than 0.05 in 35%, less than 0.10 in 57% and less than 0.30 in 90% of the cases (AGCM-region-month) (Figure 1) .
[7] The PLSSs, derived from 17 years of data, are used to estimate the mean monthly LH for each of the AMIP II AGCMs in different years using their corresponding atmospheric forcing. The root mean square error (RMSE) of the calculated monthly LH compared to the simulated LH ranges between 0. (Mackenzie). We note that, as with all empiricisms, the PLSSs may produce errors of unknown magnitude when applied outside the ranges used to derive them.
PLSS-Calculated LH Using AGCM-Derived Atmospheric Forcing
[9] To exclude the differences among the AGCMs' LH due to different atmospheric forcing, we run all PLSSs with the 17-year monthly mean atmospheric forcing (to minimise the estimation error resulting from outlying monthly values) from a single AGCM at a time. The calculations are also made using the monthly forcing derived as the average of all the 19 AGCMs. The calculated LH for each AGCM (horizontal axis) derived from different forcing sets (vertical axis) is shown in Figure 2 , where 'avg' is the calculated LH from the average forcing of all AGCMs and 'rep' is the reported mean LH by the AGCMs.
[10] As expected, the values on the leading diagonal are very close to the reported LH values. Figure 2 also specifies the AGCMs with outlying atmospheric forcing. For example, due to its outlying specific humidity in LBA and GCIP, N's PLSS produces very different estimates of LH from its reported values when forced with any other AGCM's atmosphere. At the same time, estimated LH of other AGCMs using N's forcing differs greatly from their reported values. To quantify the differences among the AGCMs' LH by excluding their dependence on different atmospheric forcing, we calculate the coefficient of variation (CoV) among the 19 PLSSs' mean annual LH calculated using the same atmospheric forcing set (i.e., across the row in Figure 2) . The results are tabulated in Table 1 Col. a, which shows the increase of CoVs from that of the reported LH in all three basins. For instance, the CoV among the reported mean LH and the range of CoV among the PLSSs' calculated LH for each set of atmospheric forcing are respectively 12% and 14-35% for LBA, 15% and 14-58% for GCIP and 19% and 18-32% for MAGS.
[11] If PLSSs are adequate approximations of LSSs, these increased variations in PLSSs' LH compared to that among the reported LH indicates that LSSs behave differently when forced with similar magnitudes of atmospheric variables (i.e., AGCMs generally use schemes that respond to their models' atmosphere appropriately). Thus, unless modifications are made to modelling the atmosphere, incorporating a new or different LSS into an AGCM will result in changed surface climate predictions.
Sensitivity of the AGCMs' PLSS to Different Atmospheric Forcing
[12] To quantify the sensitivity of PLSSs to the atmospheric forcing sets, we calculate the CoVs among each PLSS's mean annual LH derived using 20 different atmospheric forcing sets (i.e., across the columns in Figure 1) . The results show that the response of PLSSs' LH are climate specific (i.e., the CoVs are large in the regions with abundant water and energy for evaporation (Table 1, Col. b)). For example, the CoVs among any PLSS's mean annual LH calculated using 20 different atmospheric forcing sets range between 15% (T) and 44% (L) in LBA, and 12% (G) and 32% (K) in GCIP, but only between 9% (G) and 25% (K) in MAGS.
[13] Table 1b reveals both climate (i.e., between the three basins) and atmospheric forcing sensitivity in PLSSs. Some AGCMs' PLSS predictions are strongly climate dependent (e.g., CoV in B ranges between 9.9% in MAGS and 33.1% in LBA) while others have weak climate dependency (e.g., CoV in J ranges between 16.1% in MAGS and 17.5% in GCIP). Some of the PLSS predictions are highly sensitive to the variation in the atmospheric forcing while others exhibit only weak dependency. For instance, over LBA the CoV of mean LH calculated using different forcing sets is 44% for L while only 14.6% for T.
[14] Finally, we rank the mean annual PLSSs' LH calculated for the same atmospheric forcing sets (each row in Figure 2 ) to establish their relative positions. This process resembles a series of off-line (PILPS) experiments undertaken with a large number of independent forcing sets [e.g., Wood et al., 1998 ]. The rankings of the mean annual LH calculated using the derived PLSSs are very similar for almost all of the atmospheric forcing sets: the coloured vertical stripes show that the relative order of the PLSSs' LH is fairly independent of the atmospheric forcing (Figure 3 ). This means that each land-surface scheme (or at least the surrogate PLSS) does produce a signal in the predicted land-surface climate and that land-surface parameterisation is important for latent heat flux predictions. LH is not solely, or even predominantly, a function of given atmospheric forcing and land-air feedbacks.
Summary
[15] The goal of this investigation was to try to determine a measure of the impact (if any) of the land-surface parameterisation on predictions of surface fluxes independent of atmospheric forcing and feedbacks. Over three selected GEWEX/CSE basins we show that linear multivariable equations can approximate the non-linear response of LSSs' LH to the atmospheric forcing variables, at least on a monthly basis. The variability of mean annual LH among 19 AGCMs increases when the PLSSs are driven with a single set of atmospheric forcing. This suggests that LSSs behave differently from each other compensating for the differences among the models' atmospheric conditions. Thus, unless modifications are made to the atmospheric code, coupling a new land-surface scheme into an AGCM will result in changed near-surface continental predictions.
[16] The response of PLSSs to the AMIP II AGCMs' atmospheric forcing set is climate sensitive. We find that in regions which have abundant moisture and energy for evaporation, larger variations occur. This is true both among a PLSS's LH calculated with different forcing and among different PLSS-calculated LH using the same atmospheric forcing. Specifically, some AGCMs' PLSSs are strongly climate dependent (e.g., B vs. J) and also highly sensitive to the variation in the atmospheric forcing (e.g., L vs. T). This analysis presents a potential methodology for the comparison of land-surface parameterisation schemes when the corresponding codes are not available for conducting offline PILPS-like intercomparison experiments.
[17] Finally, we have established that the ranking of the LH of PLSSs does not change greatly when PLSSs are forced by different atmospheric characteristics. This suggests that the land-surface parameterisations used by different AMIP II AGCMs have specific and measurable impact on the predicted LH. Thus we conclude that: (i) the choice of land-surface code employed is important for the prediction of near-surface climate and (ii) that the impact of changing LSS is a function of model-provided atmospheric forcing and may alter as the modelled climate changes. 
